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(a)

(b)

(c)

Figure VI-3.  Contribution to high ozone at the North Phoenix site in (a) June, (b) July, and
(c) August 2005
* BC indicates all four boundaries of the 12 km modeling domain.
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(a)

(b)

(c)

Figure VI-4.  Contribution to high ozone at the North Phoenix site in (a) June, (b) July, and
(c) August 2025
* BC indicates all four boundaries of the 12 km modeling domain.
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(a)

(b)
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Figure VI-5.  Contribution to high ozone at the Humboldt Mountain site in (a) June, (b) July,
and (c) August 2005
* BC indicates all four boundaries of the 12 km modeling domain.
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(a)

(b)

(c)

Figure VI-6.  Contribution to high ozone at the Humboldt Mountain site in (a) June, (b) July,
and (c) August 2025
* BC indicates all four boundaries of the 12 km modeling domain.
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VI-4.  Decoupled Direct Method

The decoupled direct method (DDM), which is embedded in the CAMx model, was used
for a sensitivity analysis of emission sources for the future year.  The DDM was
implemented in the evaluation of first order sensitivity coefficients with respect to predicted
ozone concentrations to pollutant sources such as initial conditions (IC), boundary
conditions (BC), top concentration (TOPC), and anthropogenic emissions. The sensitivity
analysis, provided with the CAMx DDM, includes an option for varying emission inputs to
the CAMx model, such as scaling emissions by a factor, additively increasing emissions by
a constant amount everywhere, or zeroing-out emissions by source category and
geographic region.  In this study, DDM was run with the emissions input consisting of
zeroing-out emissions for those source categories (onroad, nonroad, area, and point
sources) located in selected regions (Maricopa County, Arizona Counties excluding
Maricopa County, California, New Mexico, and Mexico) along with initial conditions,
boundary conditions, and top concentration.  This DDM practice is comparable to the “brute
force method”, which runs the CAMx model separately for a number of perturbations and
calculates the differences from the base case run used in Section III-4. 

One-hour ozone sensitivity plots for each pollutant source, showing the difference between
the base case run and the zero-out emissions run at a single hour (noon) on a Thursday
in June, 2025, are discussed in the following section: 

• Figures VI-7(a) through 7(f) - Plots of one-hour ozone sensitivity for initial
conditions, boundary conditions, and top concentration are presented in Figures
VI-7(a) through 7(f)  Using three spin-up days, ozone sensitivity to initial conditions
is negligible for the Thursday in June episode. Also the influence of top
concentration is minimal in the eight-hour ozone Maricopa Nonattainment Area
(MNA).  The largest impact of boundary conditions (BC) on ozone levels in the MNA
is from the north side BC (among all stratified boundaries).  However, the maximum
ozone impact in the 12-km modeling domain is from the east side BC.  While the
influence of emissions from the north side BC on ozone levels occurs mostly over
the center of the 12-km modeling domain, the emissions from the other boundaries
only affect nearby regions in the domain due to meteorological conditions. 

• Figures VI-8(a) through 8(d) - Plots of ozone sensitivity to Maricopa County
anthropogenic emissions such as onroad, nonroad, area, and point sources,
respectively, are presented in Figures VI-8(a) through 8(d).  These plots show that
Maricopa County emissions have only local ozone impacts within the county.
Maricopa County area sources have the largest impact on ozone levels in Maricopa
County.  Maricopa County point, onroad, and nonroad emission sources generally
have a positive impact on ozone formation, which means that ozone concentrations
decrease when these emission sources are removed.  There are a few areas (blue
shaded areas in Figure VI-8) that showed a negative relationship between these
emissions and ozone levels in the Phoenix urban core (ozone concentrations
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increased when these emission sources were removed). 

• Figures VI-9(a) through 9(d) - Plots of ozone sensitivity to anthropogenic emissions
from Arizona counties, excluding Maricopa County, are presented in Figures VI-9(a)
through 9(d).  All emission sources, except area sources, from these Arizona
counties influence ozone formation in Maricopa County.  Onroad emissions from
these counties have the greatest and widest ozone impact over the MNA.

• Figures VI-10(a) through 10(d) - Plots of ozone sensitivity to California
anthropogenic emissions are presented in Figures VI-10(a) through 10(d). Over all
source categories, the magnitude of ozone sensitivity to California emissions is
greater than that of emissions from the other regions within the 12-km modeling
domain. Major ozone impacts occur along the California side of the Pacific Ocean,
where major urban areas are located. California emissions influence ozone
formation over the state of California, as well as Mexico, and the state of Arizona.

• Figures VI-11(a) through 11(d) - Plots of ozone sensitivity to New Mexico
anthropogenic emissions are presented in Figures VI-11(a) through 11(d).  The plots
show that none of the emission sources in New Mexico influence ozone formation
in Maricopa County. 

• Figures VI-12(a) through 12(d) - Plots of ozone sensitivity to Mexico anthropogenic
emissions are presented in Figures VI-12(a) through 12(d).  Examination of these
plots indicates that Mexico emissions do not influence ozone formation in the MNA.

These DDM results, along with the results from the process analysis and the source
apportionment application presented in the previous sections, provide a better
understanding of ozone formation in the MNA.

The DDM analysis reveals that the ozone formation over the MNA is significantly influenced
by the boundary condition transported from the north side in the June episode.  This result
supports that anthropogenic VOC and NOx emission reductions at the boundaries
contributed to the maintenance of the eight-hour ozone standard in 2025.
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(a) (b)

(c) (d)

(e) (f)

Figure VI-7.  Ozone sensitivity plots to (a) IC, (b) TC, (c) BC-West, (d) BC-East, (e) BC-
South, and (f) BC-North at noon on a Thursday in June, 2025
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(a) (b)

(c) (d)

Figure VI-8.  Ozone sensitivity plots to Maricopa County emissions:  (a) onroad, (b)
nonroad, (c) area sources, and (d) point sources at noon on a Thursday in June, 2025
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(a) (b)

(c) (d)

Figure VI-9.  Ozone sensitivity plots to Arizona counties emissions: (a) onroad, (b) nonroad,
(c) area sources, and (d) point sources at noon on a Thursday in June, 2025
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(a) (b)

(c) (d)

Figure VI-10.  Ozone sensitivity plots to California emissions: (a) onroad, (b) nonroad, (c)
area sources, and (d) point sources at noon on a Thursday in June, 2025
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(a) (b)

(c) (d)

(e)
Figure VI-11.  Ozone sensitivity plots to New Mexico emissions:  (a) onroad, (b) non-road,
(c) area sources, and (d) point sources at noon on a Thursday in June, 2025
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(a) (b)

(c) (d)

Figure VI-12.  Ozone sensitivity plots to Mexico emissions:  (a) onroad, (b) nonroad, (c)
area sources, and (d) point sources at noon on a Thursday in June, 2025



VI-23

VI-5.  Weight of Evidence Analysis

This section provides a weight of evidence (WOE) analysis in support of the MAG Eight-
Hour Ozone Maintenance Plan. The analysis is based on available monitoring data,
numerical modeling results, and historical and forecasted socio-economic indices such as
population and vehicle miles traveled (VMT).  The report generally follows the framework
of the WOE analysis used in the Eight-Hour Ozone Plan (MAG, 2007) for analysis of the
trends of ozone and NOx concentrations in the Maricopa Eight-Hour Ozone Nonattainment
Area (MNA) from 1996 to 2007. The emission trends of ozone precursors were based on
emission estimates for 2005 and projected emissions for 2025. In addition, the eight-hour
ozone maintenance demonstration tests used a different air quality model (CMAQ) and
meteorological model (WRF) that are included in the WOE analysis. These analyses
support the CAMx numerical modeling demonstration, based on the MM5 meteorology, that
showed Maricopa County will maintain the eight-hour ozone standard in the future year of
2025 given expected growth rates and emission control measures.

VI-5-1.  Trend of Ozone and NOx Concentrations

Eight-hour ozone concentrations in the MNA are improving as a result of existing emission
control measures.  Despite a continuous increase in the population of Maricopa County
(Figure VI-13) and an increase in VMT (Figure VI-14), the MNA is exhibiting decreasing
trends for ozone and its precursors.  Figure VI-14 shows the relationship between the peak
eight-hour ozone design value (DV) and population growth in Maricopa County.

The one-hour ozone monitoring data for the MNA were obtained from EPA.  These ozone
data  are from the monitoring networks maintained by MCAQD and ADEQ.  Air quality data
for the MNA were also obtained from the monitoring network managed by the Pinal County
Air Quality Department (PCAQD). Figure VI-15 and Table VI-9 illustrate the locations of the
ozone monitoring sites used for the ozone and NOx concentration trend analysis. NOx was
monitored at several locations in the MNA.  Historical VOC data were only available for
2001 and 2002, hence a VOC trend could not be assessed. 

Historical population data for Maricopa County were obtained from census surveys of
Maricopa County (1990, 1995, 2000, and 2005),  MAG-adopted population estimates for
2006 and 2007, and the MAG annual population updates. The VMT data were extracted
from the MAG 2008 conformity analysis  (2008, 2015, 2018, and 2028). A linear regression
was performed on these four years to obtain the VMTs of the years shown in Figure VI-14.
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Figure VI-13.  Population and peak eight-hour ozone DV from 1996 to 2007 in Maricopa
County

Figure VI-14.  Past and Future VMT in the MNA
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Figure VI-15.  Location of ozone monitoring sites in Maricopa County. The green shaded
area represents the eight-hour ozone nonattainment area, and the orange line denotes the
boundary of the 4 km modeling domain. See Table VI-9 for a description of sites.

Table VI-9.  Ozone monitoring site names and period of operation
Site Abbreviation Site Name Period of Operation

AJ Apache Junction 2002 – present
BP Blue Point 1997 – present
CC Cave Creek 2001 – present
CP Central Phoenix 1994 – present
FF Falcon Field 1997 – present
FH Fountain Hills 1997 – present
GL Glendale 1994 – present
HM Humboldt Mountain 1997 – present
ME Mesa 1994   –   2002

MORD Mount Ord 1997   –   2001
MV Maryvale 1997   –   2003
NP North Phoenix 1994 – present

PALV Palo Verde 1996   –   2004
PP Pinnacle Peak 1994 – present
RV Rio Verde 1997 – present
SP South Phoenix 1999 – present
SS South Scottsdale 1994 – present

SUPR Supersite 1996 – present
TEMP Tempe 2000 – present

WC West Chandler 2000 – present
WP West Phoenix 1994 – present
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VI-5-1-1.  Trend in Eight-Hour Ozone Design Values

The number of monitors  violating  the eight-hour ozone standard in the MNA from 2000
to 2007 is shown in Figure VI-16. The violations have steadily decreased from seven in
2000 to one in 2004.  There were no violations in the next three consecutive years from
2005 to 2007.   As Chapter II of the Eight-Hour Ozone Maintenance Plan indicates, there
were also no violations of the standard during the ozone season of 2008.

The peak eight-hour ozone design values (DVs) in the MNA from 1996 to 2007 are shown
in Figure VI-17. Table VI-10 shows the peak DVs and associated monitoring sites.  By
2005, the peak DV decreased to 83 ppb and occurred at two different monitors: North
Phoenix and Humboldt Mountain.  In 2006, the peak DV remained at 83 ppb at the North
Phoenix site. In 2007, the peak DV still remained at 83 ppb, but it occurred at the Rio Verde
site. All of these monitors are located north to northeast of central Phoenix, which is
consistent with the prevailing south-westerly wind direction in the afternoon during the MNA
ozone episodes. 

Over the most recent five year period (2002-2007), the peak DV has been frequently
reported at  remote sites such as Humboldt Mountain and Rio Verde. This suggests that
as the reactivity of the Phoenix urban plume has decreased over the years, the ozone
formation rate has also slowed and the location of peak ozone has been pushed farther
downwind. 

The trend line for the peak DVs shows a decrease of nearly one ppb per year. During the
period of 1999-2007, the decline in the DV trend line was nearly 10 percent. The correlation
coefficient for the linear regression equation of the peak eight-hour ozone DV values is
0.84. This indicates that even though ozone concentrations do vary around the regression
line, the regression line accounts for more than 80% of the variance in the running three-
year DV for the time period of 1994 - 2007.

Figure VI-18 presents the eight-hour ozone DVs at each site that contributed to the peak
DVs over the last ten years. The figure is arranged for the following three groups of
monitoring sites: (1) Central urban sites (blue lines), (2) Outer non-urban sites (green lines)
and, (3) Distant rural sites (orange / yellow lines).  The downward trend in eight-hour ozone
DV is clear for the central urban sites.  There may be a possible downward trend in the
eight-hour ozone DV for the outer non-urban sites just to the northeast of the central urban
sites.  However, the trend of eight-hour ozone DV at the most distant sites appears to be
much more flat.  These outermost sites are located in elevated terrain and have higher
biogenic emissions than the central urban sites and outer non-urban sites.  As stated
earlier, the less reactive mix of urban emissions may be preserving reactive NOx for further
reactions with biogenic emissions in the mountainous areas well downwind of Phoenix.
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Figure VI-16.  Trend in eight-hour ozone violations between 2000 - 2007 in the Maricopa
Nonattainment Area

Figure VI-17.  Trend in peak eight-hour ozone Design Value (DV) from 1994 through 2007
in the MNA
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Table VI-10.  Peak eight-hour ozone DV and the sites in the MNA
Average Period Peak eight-hour ozone DV Sites DV Max Occurred

1994 - 1996 90 Mesa (Site ID: 04-013-1003)
1995 - 1997 92 North Phoenix (Site ID: 04-013-1004)
1996 - 1998 91 North Phoenix (Site ID: 04-013-1004)
1997 - 1999 88 North Phoenix (Site ID: 04-013-1004)
1998 - 2000 88 Mount Ord (Site ID: 04-013-9701)

1999 - 2001 85
North Phoenix (Site ID: 04-013-1004)
Pinnacle Peak (Site ID: 04-013-2005)
Rio Verde (Site ID: 04-013-9706)

2000 - 2002 85
Humboldt Mountain (Site ID: 04-013-9508)
North Phoenix (Site ID: 04-013-1004)
Pinnacle Peak (Site ID: 04-013-2005)

2001 - 2003 87 Humboldt Mountain (Site ID: 04-013-9508)
2002 - 2004 85 Humboldt Mountain (Site ID: 04-013-9508)
2003 - 2005 84 Humboldt Mountain (Site ID: 04-013-9508)
2004 - 2006 83 North Phoenix (Site ID: 04-013-1004)
2005 - 2007 83 Rio Verde (Site ID: 04-013-9706)

The eight-hour ozone standard is based upon a three-year running average of the annual
fourth highest daily maximum ozone concentration at each monitor. Figure VI-19 shows
the trend line in the peak annual fourth highest eight-hour ozone concentration among all
sites.  Table VI-11 presents the same data along with the names of the sites and the dates
of the peak annual fourth highest eight-hour ozone concentrations. The peak annual fourth
high exhibits much more  year-to-year variability, both in magnitude and the sites at which
the annual peaks occur. This is attributable to the variability in episodic meteorology.
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Figure VI-18.  Annual eight-hour ozone DVs at the six monitoring sites contributing to the
peak DV shown in Figure VI-17. Urban sites are colored blue; outer non-urban sites are
colored green, and distant rural sites are colored orange.

Figure VI-19.  Trend in the annual peak (among all sites) fourth highest eight-hour ozone
concentration between 1994 and 2007 in the MNA
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Table VI-11.  Annual peak fourth highest eight-hour ozone concentration and the sites in
the MNA

Year Peak 4th highest eight-hour Ozone Site Date Occurred
1994 88 Mesa 7/20/1994
1995 92 Fillmore 9/1/1995
1996 95 North Phoenix 5/21/1996
1997 91 North Phoenix 9/7/1997
1998 90 Humboldt Mountain 8/5/1998
1999 91 West Phoenix 10/12/1999
2000 90 Mount Ord 8/5/2000
2001 86 North Phoenix 7/2/2001
2002 90 Humboldt Mountain 6/3/2002
2003 87 Humboldt Mountain 7/30/2003
2004 80 North Phoenix 8/1/2004
2005 88 Fountain Hills 7/20/2005
2006 85 North Phoenix 7/17/2006
2007 79 Rio Verde 5/24/2007

 
The eight-hour ozone maximum of 95 ppb, which occurred in 1996, has not been repeated
since.  A eight-hour ozone minimum of 80 ppb occurred in 2004.  This low value was
attributed to an abnormally cool summer season. The trend line for the fourth highest
annual ozone concentrations shows a decrease of 0.78 ppb per year. During the period
1996 – 2007, the decline in the trend line was about 9.4%. The correlation coefficient for
this linear regression equation is 0.55.  This correlation coefficient reflects  the higher inter-
annual variability of eight-hour ozone values. However, the downward trend of the
regression line does explain approximately half of the variance in the ten-year record of
eight-hour ozone values.

Background Ozone

Background ozone is generally referred to as ozone entering the nonattainment area from
outside its boundaries. The nonattainment area ozone levels are thus the sum of the
background ozone and locally produced ozone. The local ozone contribution can be
estimated by subtracting the eight-hour ozone DV determined at an upwind site from the
maximum eight-hour ozone DV. Generally, sites on the southern edge of the MNA would
be considered “upwind” sites according to the summertime ozone climatology for the MNA;
however there are no ozone monitoring sites that are near the southern edge of the MNA.
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Most of the monitoring sites that are located well outside of the Phoenix urban area are
climatologically downwind and record some of the highest eight-hour ozone DVs, except
for one site - the Palo Verde site in the western MNA.  This site is located about 30 miles
west of central Phoenix.  Figure VI-20 is identical to Figure VI-17, except that it contains
the Palo Verde DV trendline added for its period of record.  Note that the Palo Verde DV
remains about 10 ppb lower than the ozone peak for the MNA, and while decreasing over
the period, its rate is less than half of the peak rate. This could suggest that the MNA peak
ozone levels are comprised of a regional ozone contribution between 75 and 80 ppb, with
an additional 8 to15 ppb due to the urban ozone plume.

Given the proximity of Palo Verde to the Phoenix metropolitan area, it is quite possible that
its ozone levels and DV trend over the past six years are influenced by the urban ozone
plume. Therefore, ozone data  from a monitoring site distant from the Phoenix metropolitan
area was examined.  Monitoring data for this site, the CastNET site at the Chiricahua
National Monument in southeastern Arizona, was extracted from EPA’s website
(http://www.epa.gov/castnet) and processed to calculate its equivalent DV for each summer
ozone season (May 1 through September 30).

Figure VI-21 shows the comparison between the peak MNA ozone DV and the Chiricahua
ozone DV along with trend lines. Ozone levels at the Chiricahua site are lower than those
at Palo Verde, but examination of Figure VI-21  shows that Chiricahua site’s “background”
eight-hour ozone levels are still relatively high being very close to 70 ppb. Furthermore,
ozone levels have been increasing slowly at the Chiricahua site.  Likely causes for this
might include increases in ozone from: (1) Tucson; (2) Mexico and border towns such as
Nogales and Agua Prieta; or (3) Regional buildup over the entire border area from Texas
to California. 

Assuming that the Chiricahua site is representative of rural background ozone levels, then
it can be implied that local ozone production in Maricopa County has decreased from a 20
ppb increment in 1996 to a 10 ppb increment in 2007 according to the Chircahua trend line.
This represents a reduction of 50% in the local ozone component above background ozone
levels in the MNA during this period.
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Figure VI-20.  Trends in peak MNA DV (blue) and DV at the Palo Verde (Orange) site

Figure VI-21.  Trends in peak MNA DV (blue) and DV at the CastNET Chiricahua (Orange)
site
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VI-5-1-2.  Trend in NOx Concentrations

Ozone precursors include oxides of nitrogen (NOx) and a class of hydrocarbons referred
to as volatile organic compounds (VOCs).  NOx concentrations have been historically
monitored at several locations in the MNA, while VOCs are measured at two PAMS sites
located at Supersite and Queen Valley.  Historical VOC data were only available for 2001
and 2002, hence a VOC trend could not be assessed. 

Figure VI-22 shows the NOx trend during the morning commute hours (5 - 8 AM) from 1999
to 2007 in the MNA.  Hourly NOx concentrations at the Supersite were averaged over this
period and then averaged over the summer season for each year (June through August).
Three trends are provided:  all summer days, weekdays, and weekend days. A regression
line is shown for the trend for all summer days, and indicates a general reduction in
ambient NOx concentrations on the order of 1.6 ppb per year, which translates to a 30-40%
reduction over the period of 1999 - 2007.  Unlike the ozone trends, NOx is much more
variable year to year, and the regression line explains only about 20% of the variability.
Morning hour NOx concentrations on weekend days are consistently 10 - 20 ppb lower than
weekend days due to the lack of commuting activity on weekend days.

Figure VI-22.  Trends in summer morning (5-8 AM) average NOx concentrations at
Supersite from 1999 to 2007. Shown are trends for all days (including regression),
weekdays, and weekend days.
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VI-5-2.  VOC and NOx Emission Comparison between 2005 and 2025

Figure VI-23 depicts the anthropogenic VOC and NOx emissions in 2005 and 2025 that
were used in the eight-hour ozone maintenance modeling.  Biogenic emissions are not
included in the analysis because it was assumed that this source category’s emissions will
remain constant from 2005 to 2025.  The emissions shown in Figure VI-23 present
individual emission source totals over the 4 km CAMx modeling domain that were
processed by EPS3.0. 

The increase in VOC emissions from point sources is about 70%, which is mainly caused
by the projected increment in industrial employment.  As shown in Figure VI-23(b), the NOx
emissions from point sources increase dramatically from 2005 to 2025 due to the modeling
assumption that set the emission rate of power plants to the Potential to Emit (PTE)
emission rate. The increase in VOC and NOx emissions from area sources (about 58%)
is caused by the projected increment in population and employment in Maricopa County.

Nonroad VOC and NOx emissions declined between 2005 and 2025, even though the
nonroad mobile equipment population and activity are projected to increase significantly.
This is due to the lower emission factors for this source category that result from
implementation of federal nonroad equipment emission standards that will be phased in
before 2025.  A similar pattern is seen in the onroad emissions, which decrease even
though the projected VMT increases about 76 percent between 2005 and 2025, as shown
in Figure VI-14. This decline occurs even though onroad emissions of VOC and NOx were
increased by ten percent in 2025 to create a safety margin in the transportation conformity
budgets.  This downward trend reflects the impact of much cleaner vehicles due to stricter
standards on tailpipe and evaporative emissions and innovative emission control
technologies.

The total VOC emissions in 2025 increase by about 13 percent.  This is due to a higher
contribution of area source emissions to anthropogenic VOC emissions, which offsets the
VOC emission reduction in onroad and nonroad sources.  The overall anthropogenic NOx
emissions decrease by about 6 percent from 2005 to 2025, since the reduction in nonroad
and onroad emissions more than offsets the increase in NOx emissions from point and area
sources.
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Figure VI-23(a).  2005-2025 anthropogenic VOC emissions on a weekday (Thursday in
June)

Figure VI-23(b).  2005-2025 anthropogenic NOx emissions on a weekday (Thursday in
June)
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VI-6.  Additional Modeling

MAG followed the EPA Guidance on the Use of Models and Other Analyses for
Demonstrating Attainment of Air Quality Goals for Ozone, PM2.5, and Regional Haze (EPA,
2007) and used multiple air quality models / meteorological data sets to supplement the
results of the modeled maintenance test presented in Section V.  Meteorological data sets
were prepared using multiple meteorological models such as MM5 and the NCAR Weather
Research and Forecasting (WRF).  These meteorological data sets were then input to
multiple photochemical air quality models such as the CAMx and Community Multi-scale
Air Quality (CMAQ) model.  

This analysis focuses on the sensitivity of the estimated relative response factor (RRF) and
the resulting future design values for monitored and unmonitored areas, and variations in
modeling results from using different model combinations.  Before inputting the WRF
meteorological data sets to multiple photochemical air quality models, the WRF’s modeling
performance was evaluated (see Appendix VI-iii).  Also three additional modeling
applications using CAMx/WRF, CMAQ/MM5, and CMAQ/WRF were examined in order to
determine whether their results were suitable for use in the eight-hour ozone maintenance
demonstration. These model performance evaluation results are documented in Appendix
VI-iv. Finally, all maintenance tests were made using EPA’s Modeled Attainment Test
Software (MATS, Version 2.0.1) with the minimum allowable threshold value set to 70 ppb.
Detailed maintenance demonstration results are presented in Section V for the CAMx/MM5
modeling and in Appendix VI-v for the CAMx/WRF, CMAQ/MM5, and CMAQ/WRF
modeling.

Tables VI-12 and VI-13 summarize the results of the eight-hour ozone maintenance
demonstration and unmonitored area analysis that used multiple air quality and
meteorological models for the three eight-hour ozone episodes.  In general, the maximum
future design values occurred in the June episode for the monitoring sites and in the August
episode for the unmonitored area.  An exception was that the maximum future design value
for the unmonitored area, using CAMx/WRF, occurred in the June episode.  The North
Phoenix (NP) site was predicted to have the maximum future design value for all episodes,
except for the CMAQ/MM5 application.  The CMAQ/MM5 modeling,  predicted that the
Fountain Hills (FH) site would have the maximum future design value for the July and
August episodes.

A review of the sensitivity of the air quality models used in the eight-hour ozone
maintenance demonstration showed that the CAMx model tends to predict higher future
design values than the CMAQ model for both monitored and unmonitored areas. The June
and July episodes had relatively small variations in the maximum future design values,
while the August episode had a relatively large variation in the maximum future design
value.



VI-37

Table VI-12.  Summary of maintenance test results (maximum future design values)

Episode

Air Quality Model/Meteorological Model

CAMx/MM5 CAMx/WRF CMAQ/MM5 CMAQ/WRF

June 81.0 ppb
at North Phoenix

81.1 ppb
at North Phoenix

79.1 ppb
at North Phoenix

79.3 ppb
at North Phoenix

July 79.4 ppb
at North Phoenix

79.4 ppb
at North Phoenix

77.3 ppb
at Fountain Hills

77.8 ppb
at North Phoenix

August 79.9 ppb
at North Phoenix

78.0 ppb
at North Phoenix

76.6 ppb
at Fountain Hills

74.2 ppb
at North Phoenix

Table VI-13.  Summary of unmonitored area analysis results (maximum future design
values)

Episode

Air Quality Model/Meteorological Model

CAMx/MM5 CAMx/WRF CMAQ/MM5 CMAQ/WRF

June 81.3 ppb 79.8 ppb 79.3 ppb 78.9 ppb

July 79.1 ppb 77.8 ppb 79.1 ppb 75.3 ppb

August 83.4 ppb 80.8 ppb 80.0 ppb 75.4 ppb

A review of the sensitivity of the meteorological models used in the eight-hour ozone
maintenance demonstration showed that both air quality models had relatively small
variations in the maximum future design values when using the two different meteorological
data sets (MM5 and WRF).  This phenomenon was more pronounced in the CAMx model
than in the CMAQ model, and in the monitored area rather than the unmonitored area. 

Both air quality models with WRF meteorological data inputs predicted higher maximum
future design values for monitoring sites than those with MM5 meteorological data inputs
for the June and July episodes, while the August episode had the opposite result.  Air
quality modeling with MM5 meteorological data inputs consistently produced higher
maximum future design values for the unmonitored area values for all three episodes than
when the WRF meteorological data was used for air quality modeling.
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VI-7.  Conclusions

The modeling results, discussed in the previous sections, confirm that the eight-hour ozone
concentrations in the MNA will be maintained in 2025 with a margin of 4 ppb below the
standard (85 ppb) for all three eight-hour ozone episodes.  In the worst case scenario (i.e.,
August 2025 with CAMx/MM5), the unmonitored area analysis also indicates that the
standard will be maintained in 2025 with a margin of at least 2 ppb below the standard.
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VII. CONCLUSIONS

As discussed in Section V, the maintenance of the eight-hour ozone standard was
successfully demonstrated for the three episodes of 2025 which have different
meteorological regimes. The maintenance demonstration for monitored sites and
unmonitored area indicates that the future eight-hour ozone design values throughout the
MNA will be less than 0.085 ppm (85 ppb) for all three episodes in the ozone season of
2025.  The peak design values for monitoring sites in 2025 are 0.081 ppm for the June
episode, 0.079 ppm for the July episode, and 0.079 ppm for the August episode, occurring
at the North Phoenix monitoring site.

The unmonitored area analysis also indicates that the MNA will successfully maintain the
eight-hour ozone standard in 2025.  The maximum future design values in the unmonitored
areas are 0.081 ppm for the June episode, 0.079 ppm for the July episode, and 0.083 ppm
for the August episode. 

Corroboratory analyses such as absolute model forecasts, indicator species, photochemical
source apportionment, decoupled direct method, and weight of evidence analysis were
conducted in support of the maintenance demonstration results in accordance with EPA’s
recommendation.  The corroboratory analysis results discussed in Section VI also
substantiated  that the MNA would maintain the eight-hour ozone standard of 0.085 ppm
in 2025.  Key findings from these corroboratory analyses are as follows:

• Both CAMx and CMAQ modeling with either MM5 or WRF meteorology confirmed
that the eight-hour ozone standard of 0.085 ppm or 85 ppb would not be violated in
2025.  The year 2025 peak design values for monitored sites were predicted not to
exceed 0.081 ppm or 81 ppb for all three episodes.  The highest predicted value for
unmonitored sites (during the August episode) was 0.083 ppm.   

   
• Controlling emissions in the future year is more favorable under conditions of the

local meteorological regime (i.e., July episode), as opposed to conditions of the
transported meteorological regime (i.e., June episode), in terms of reducing the
magnitude, frequency, and relative amount of high ozone concentrations.

• The region of the greatest ozone production in the urban plume is VOC sensitive in
2025, which means that VOC controls are effective in reducing ozone
concentrations in the urban plume, but NOx controls are only effective in reducing
ozone concentrations outside the urban plume.  However, the urban plume is getting
smaller and appears to be in transition toward NOx sensitivity in a future year
beyond 2025.

• The contribution of onroad and nonroad sources to total anthropogenic emissions
decreases in 2025 due, primarily, to more stringent federal emission control
technologies.



VII-2

• The downward trend in eight-hour ozone concentrations in the MNA is occurring as
a result of the implementation of numerous federal, state, Maricopa County, and
local government control measures.  This decline in monitored ozone levels is
occurring in spite of continuous increases in population and VMT in the MNA.




